Figure S.1. a) AFM image of Ta NPs deposited on a Si substrate for 5 minutes, used for obtaining the NP size distribution histogram shown in Figure 2a . b) Exemplary TEM image showing Ta NPs embedded in an amorphous Si matrix. c) NP size distribution obtained from 10 TEM images (histogram) and from the quadrupole mass filter (QMF) current (solid line). Good agreement is obtained for the Ta NP size distribution analyzed by AFM, TEM, and the QMF size selection.
Determination of particle size distribution and atomic percentage (at.%), and V of Ta in Si/Ta ML anode In order to obtain results as close as possible to the fabricated Si/Ta ML anode and to prevent structural changes induced by oxidation, Ta NPs were encapsulated between two amorphous Si thin films (thicknesses of around 7.5 nm and 15 nm for the bottom and top layer, respectively) on commercial C film TEM grids (Ted Pella). Size distributions were achieved by means of automated image analysis of low-magnification TEM micrographs with the software ImageJ, measuring projected areas of 80 NPs and assuming spherical geometries. Size distributions were analyzed for samples obtained by 5 minutes of deposition, while the Ta NP films in the Si/Ta ML anodes were deposited for 60 minutes, resulting in a porous multilayer structure. From the number of NPs formed within 5 minutes, the volume per particle (~14 nm 3 considering a diameter of 3 nm), the density, and the atomic weights, the Ta/Si ratio was calculated as 3.5 at%. The total volume occupied by Ta in the Si/Ta ML anode can be calculated from the average volume and total number of the Ta NPs within the 5 scaffold layers (~3 × 10 13 ). A continuous, non-porous, Ta cylinder of this volume and base area of 0.712 cm 2 (i.e. the area of the anode) would have a height of ~6 nm. Since the height difference between the Si/Ta ML and the Si anodes is ~40 nm (from SEM measurements in Figure 3 ), we can estimate that the void space within the Si/Ta ML anode is around 15-20%. Furthermore, supposing that the 40 nm height difference between the Si/Ta ML and the Si anode corresponds to the 5 NP scaffolds (and can, therefore, be equally divided between them), it can be estimated that the volume occupied by Ta in one NP scaffold is approximately 20%. In other words, the porosity of the Ta NP scaffold is about 80%. The accuracy of at.% composition determined by XPS during etching time can be compromised by the 3D structure of the Cu foam. Nevertheless, it clearly shows two distinct layers: almost pure-Si, and Si/Ta with approximately 70% / 30% Ta4f5/2 and Ta4f7/2 peaks appear at 24.1 and 22.4 eV, respectively, in the XPS registered in the positions from p-2 to p-5 (shown in Figure SI .2b). These binding energies correspond to Ta in the metallic state, [1] and discard the presence of Ta2O5 with binding energies of 29.1 and 27.2 eV for the Ta4f5/2 and Ta4f7/2 peaks. Also Ta silicides can be discarded, since the change from metallic to cationic Ta is associated with a Ta4f peak displacement of 0.6 eV to lower energies. [2] The only position where some Ta silicides could be formed is at p-1, where the T4f peaks appear at 24.1 and 22.3 eV. The Si 2p peak shows that Si oxides exist in the external layer of a-Si (from p-1 to p-3) of the Si/Ta ML anode (the binding energy for SiO2 is 102.5 eV) that could be formed during the transition from the glovebox to the XPS.
S.2. XPS characterization of
Experimental XPS XPS measurements were performed in a Kratos AXIS Ultra DLD Photoelectron spectrometer, with an Al Kα (1486.6 eV) source and a base pressure of 10 −10 mbar. In order to avoid surface contamination, the samples were transferred from the N2 atmosphere glove box to the XPS chamber using an inert-gas sealed sample holder. The Si 2p, Ta 4f and C 1s core level narrow spectra were recorded using pass energy of 20 eV for high resolution. For depth profiling by means of Ar ion etching, ion energy of 3keV and etch area of around 3 mm  3 mm were used. 
S.3. AFM characterization of Si/Ta ML and Si anodes

Experimental SEM characterization after cycling
The semi-batteries were opened inside the glovebox and the anodes cleaned with DEC solvent and isopropanol. After mechanical cutting, the samples were dried in vacuum during 48 hours before SEM characterization. SEM images were obtained with an FEI Quanta 250 FEG.
S. 5. Rct calculation from Nyquist plot
The EIS spectra were recorded at different charge states between 0.01 and 1 V with an arc amplitude of 10 mV in the frequency range from 10 6 Hz down to 10 -2 Hz. Different treatment was performed for stationary and non-stationary conditions:
-Stationary conditions: after 3 cycles of charge and discharge at 0.2 C, the voltage at which the electrochemical impedance spectrum was performed was 50 μV s -1 . -Non-stationary conditions: after 3 cycles of charge and discharge at 1 C, the voltage at which the electrochemical impedance spectrum was performed was 150 μV s
The high frequency region of the Nyquist plots are fitted according to the previous equivalent circuit model proposed in ref [3] as two arcs in series formed by a parallel resistance (R) and capacitance (C). The R of the first arc is associated to the SEI, while the second arc to the Rct and capacitance of the double layer (Cdl). The obtained values are shown in Table SI.1. Since the high frequency region is not completely independent on the voltage, the low region frequency region should be also considered in the equivalent circuit model. Nevertheless, the low frequency region is not analyzed because the change of the values is comparatively small, and is not expected to influence the presented conclusions. It is remarkable that RSEI for Si/Ta ML and Si anodes show similar values, with no increase for the porous Si/Ta ML anode with respect to the Si film. We suggest that the low polarity of the Si/Ta ML anode facilitates the reduction of Li + instead of side redox reactions related to the formation of the SEI. 
